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ABSTRACT 

Perovskite  oxides  of  formula  Lai  xSr>;MnCh  have  been  obtained  by  the  thermal 
decomposition  of  precursor  powders.  Two  different  kinds  of  precursors,  carbonates  and  citrates 
have  been  prepared  by  low  temperature,  i.e.,  “chimie  douce”  technique.  The  careful  control  of  the 
chemical  and  the  hydrodynamic  parameters  during  the  synthesis  process  allows  obtaining  nice 
homogeneous  and  small  size  particles  (80  nm  for  the  ex-carbonates  and  30  nm  for  ex -citrates). 
Pure  perovskite  phase  is  observed  after  a low  temperature  thermal  treatment,  from  550  °C.  The 
structure  of  these  oxides  is  either  rhombohedral  or  cubic  and  depends  on  the  strontium  content, 
the  temperature  and  the  partial  pressure  of  oxygen  during  the  thermal  treatment.  The  Mn-O 
distances  and  the  Mn-O-Mn  angles  are  directly  related  to  the  amount  of  Mn4+  content. 

INTRODUCTION 

In  recent  years,  the  doped  perovskite  manganites  such  as  Lai.xSrxMn0.3  have  attracted 
growing  attention  due  to  the  colossal  magnetoresistance  (CMR)  properties.  Several  studies  have 
shown  that  the  microstructure,  such  as  grain  size,  plays  a very  significant  role  in  the  intrinsic 
properties  [1,2].  The  synthesis  methods  are  very  important  to  obtain  polycrystalline  materials 
with  specific  microstructure. 

Traditional  way  of  processing  is  usually  the  mixing  of  oxides,  hydroxides  or  carbonates, 
followed  by  high  temperature  (T  > 1000  °C)  processing.  Consequently,  the  materials  obtained 
with  these  methods  are  constituted  of  large  particles  with  low  surface  area.  “Soft  chemistry” 
techniques  have  been  developed  in  order  to  obtain  - at  lower  temperature  - the  same  materials  as 
the  one  observed  at  high  temperature  with  the  ability  to  control  the  particle  size,  the  surface  area 
and  the  stoichiometry  of  the  powders  [3],  The  advantages  of  using  powders  of  reduced  grain  size 
to  prepare  ceramics  or  thick  films  is  the  increase  of  the  reactivity  and  the  possibility  of  lowering 
the  sintering  temperature.  The  homogeneity  is  a very  important  parameter  for  having 
reproducible  properties.  Our  previous  studies  performed  on  spinel  manganites  have  evidenced  the 
influence  of  the  powder  quality  on  the  final  material  properties  [4,  5]. 

The  electronic  properties  are  related  to  the  mixed  valence  state  Mn3+/Mn4+  that  leads  to 
mobile  charge  carriers.  Low  temperature  synthesis  allows  moreover  a larger  oxidation  state  [6].  It 
was  also  observed  that  high  oxygen  ionic  conductivity  correlates  with  a cubic  or  an  orthorhombic 
structure  [7,8].  The  coefficient  of  non  stoichiometry  8 depends  on  the  temperature  of  thermal 
treatment  and  on  the  oxygen  partial  pressure  [9],  The  highest  values  of  8 have  been  obtained  for 
low  temperature  synthesis  technique  [10],  Many  recent  studies  indicate  that  the  LaMn03+§ 
compounds  exhibit  different  structural  types  as  orthorhombic  Puma,  rhombohedral  R.?c, 
monoclinic  P *J-  or  cubic  Pm3m  phases  [10-15].  These  phase  transitions  continue  to  exist  when 
the  pure  LaMnCb+s  is  doped  with  divalent  Sr2+  cations  [16,17], 
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The  aim  of  this  work  is  to  synthesize,  by  “chimie  douce”  technique,  lanthanum  strontium 
manganile  powders  of  controlled  characteristics  (size,  composition,  homogeneity,  surface  area). 
These  oxides  arc  obtained  from  thermal  decomposition  of  precursors  (carbonates  and  citrates) 
powders.  The  structural  evolution  of  Lai-xSrxMnC>3+8  is  studied  for  various  compositions 
(x  = 0. 10,  0.30  and  0.50),  temperature  and  atmosphere  of  the  thermal  treatment  of  decomposition 
(T  = 600,  900  and  1250°C  under  air  or  02  flow). 

EXPERIMENT 

The  powder  morphology  was  observed  with  a JEOL  2010  transmission  electron 
microscope.  The  thermal  decomposition  of  the  precursors  was  examined  by  thermogravimetric 
analyses  (TGA)  (SETARAM  TAG  24  apparatus,  accuracy  < 10'6  g).  The  structure  was  determined 
by  X-ray  diffraction  analysis  : the  powder  X-ray  diffraction  (PXRD)  data  was  collected  with  a 
SEIFERT  XRD-3003-TT  diffractometer  using  Cu-Ka  radiation  (in  the  range  10°  < 20  < 140°  in 
increments  of  0.02°).  The  Rietveld  method  implemented  in  the  program  FULLPROF  [18]  has 
been  used  for  nuclear  structure  refinement.  Plasma  emission  spectrometry  was  used  to  determine 
the  chemical  composition  of  the  oxides.  The  specific  surface  area  was  determined  using  a 
Micrometries  Accusorb  2100E,  defined  by  the  Brunauer,  Emmet  and  Teller  (BET)  method. 

Temperature  programmed  desorption  analyses  (TPD)  were  studied  by  thermogravimetry, 
gas  chromatography  and  mass  spectroscopy.  The  sample  was  first  degassed  (1  Pa)  at  room 
temperature  for  1 h,  and  then  the  system  was  filled  with  Ar.  A flow  of  15  cm3min''  was  allowed 
to  pass  through  the  reactor.  During  the  experiment,  the  temperature  was  linearly  increased  (with  a 
heating  rate  of  5°Cmin'').  Every  120  s,  the  gas  flowing  out  of  the  reactor  was  sampled  and 
analyzed  by  gas  chromatography  (SHiMADZli  GC-8a  chromatograph  fitted  with  a molecular  sieve 
13x  column  and  a thermal  conductivity  detector).  These  analyses  provided  the  oxygen 
concentration  in  the  flowing  gas,  and  the  integration  of  these  data  over  time  gave  the  total  amount 
of  oxygen  released  during  the  experiment. 

RESULTS 

Carbonate  route 

Carbonates  are  obtained  by  the  co-precipitation  of  an  aqueous  solution  of  the  metallic 
salts  (lanthanum  nitrate  La(N03)2,  6H20  , strontium  nitrate  Sr(N03)2  and  manganese  nitrate 
Mn(N03)2,  6H20)  with  ammonium  carbonate.  The  concentrations  of  the  salts  and  of  the 
precipitating  agent  are  respectively  3 mold'1  and  0.4  moled'1.  The  salts  and  the  ammonium 
carbonate  are  dissolved  in  distilled  water.  The  solution  containing  the  ammonium  carbonate  is 
poured  in  the  solution  containing  the  metallic  salts.  The  aging  time  is  30  minutes.  The  so 
obtained  particles  are  carefully  washed  and  dried.  The  thermal  decomposition  was  then  followed 
by  TGA  (Figure  1)  and  by  mass  spectrometry.  Four  phenomena  can  be  observed.  The  first 
reaction  (I)  is  an  endothermic  one  and  corresponds  to  the  departure  of  water  molecules.  The  next 
3 steps  respectively  noticed  at  420  °C,  720  °C  and  880  °C  are  exothermic  and  were  identified  as 
the  decomposition  (departure  of  C02  and  CO)  of  the  simple  carbonates  (La  and  Mn).  The  initial 
powder  is  probably  constituted  of  an  intimate  mixture  of  lanthanum  carbonate  and  manganese 
carbonate.  The  strontium  is  substituted  either  in  one  or  the  other  carbonate.  TGA  analyses  show 
that  the  single  phase  oxide  should  be  obtained  from  880  °C. 
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Figure  1.  TGA  and  DTA  curves  of  La-Sr-Mn 
carbonate  decomposition 


Figure  2.  TEM  micrograph  of  ex- 
carbonate Lai-xSrxMn03  obtained  at 
1000  °C. 


TEM  observations  (Figure  2)  of  an  oxide  of  composition  Lao.68Sro.28Mn1.04O4  prepared  at 
1000  °C  show  that  the  oxide  particles  have  a nice  regular  shape.  The  crystallite  size  determined 
from  the  broadening  of  the  X-Ray  diffraction  patterns  is  approximately  80  nm.  It  does  not  vary  as 
a function  of  the  strontium  content. 

Citrate  route 

This  method  of  synthesis  has  been  developed  by  Szabo  [19].  It  allows  obtaining  oxides 
with  the  perovskite  structure  at  moderate  temperature.  The  synthesis  of  the  mixed  citrate  needs 
first  to  synthesis  the  simple  citrates,  La  citrate,  Sr  citrate  and  Mn  citrate.  Lanthanum  and 
strontium  citrates  are  prepared  by  the  following  procedure.  0.2  moles  of  lanthanum  (strontium) 
nitrate  are  dissolved  in  600  ml  of  water.  The  solution  is  poured  in  a solution  of  dihydrogeno- 
citrate  dissolved  in  water.  The  solution  is  mixed  during  1 hour  and  then  passed  through  a 
centrifuge  for  10  minutes.  Thermogravimetric  analyses  show  that  the  2 citrates  have  the 
respective  formula  : La^HsCL),  3.5  H20  and  S^CeHsCEh,  3.5  H20.  A different  procedure  is 
used  for  the  synthesis  of  manganese  citrate.  0.5  moles  of  Mn02  are  poured  in  an  aqueous  solution 
containing  an  excess  of  0.5  moles  of  citric  acid  C6H807,  6 H20.  According  to  Szabo  [19],  there  is 
a formation  of  intermediate  Mn4+  able  to  oxidize  citric  acid  into  acetone.  The  manganese  ion 
resulting  from  this  reaction  reacts  with  the  excess  of  citric  acid  to  form  the  insoluble 
MnfCfiHsCb),  H20  citrate.  Then,  the  mixed  La-Sr-Mn  citrate  is  obtained  after  the  dissolution  of 
the  simple  citrates  in  hot  ammoniacal  solution.  The  solution  is  then  evaporated  and  grounded. 
TGA  and  TPR  analyses  show  that  the  heating  of  citrates  leads  to  dehydration  (noted  I and  II)  and 
to  a release  of  CO  and  C02  (III)  (Figure  3).  The  decomposition  is  over  at  530  °C.  The  oxide 
powder  is  constituted  of  particles  of  approximately  30  nm  (Figure  4). 

The  specific  surface  area  was  determined  as  a function  of  the  thermal  treatment 
temperature.  This  method  of  synthesis  allows  obtaining  a specific  surface  area  varying  from  30  to 
2 nr/g  as  the  temperature  increases  from  550  °C  to  1000  °C.  The  values  obtained  in  this  work  are 
50  % higher  than  the  one  reported  after  firing  precursors  prepared  using  the  Pechini  process  [20]. 
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Figure  3.  TGA  and  DTA  curves  of  La-Sr-Mn  citrate 
decomposition 


Figure  4.  TEM  micrograph  of  an 
ex-citrate  Lai.xSrxMnC>3  oxide 
obtained  at  800  °C 


The  structural  evolution  of  the  ex -citrates  Lai.xSrxMn03+8  oxides  with  x = 0.10,  0.30  and 
0.50  has  been  studied  for  various  temperature  and  atmospheres  (T  = 600,  900  and  1250°C  under 
air  or  O2  flow).  0-20  PXRD  diffractograms  are  registered  for  all  the  samples.  The  results  of  the 
structural  refinements  are  systematically  connected  to  the  Mn4+  content  in  the  samples. 
Additional  samples  of  different  composition  and  prepared  at  various  temperature  and  atmosphere 
need  to  be  done  to  complete  this  study  and  correspond  to  the  on  going  research  work. 

For  these  compounds,  all  the  structures  exhibit  rhombohedral  or  cubic  symmetries  with 
the  R3c  and  Pm3m  space  groups  respectively  : no  distorted  perovskite  phase  due  to  a Jahn- 
Tellcr  effect  is  observed.  Lattice  parameters,  Mn-O  distances  and  Mn-O-Mn  angles  are  resumed 
in  Table  I.  In  these  symmetries,  MnC>6  octahedra  are  always  regular  with  6 equal  Mn-0 
distances.  Therefore,  M11-O  distances  are  an  appropriate  parameter  to  characterize  the  structural 
evolution  of  this  scries  as  shown  in  the  Figure  5 where  the  Mn-0  distances  obtained  by  PXRD 
structural  refinements  are  plotted  versus  the  Mn4+  content  determined  by  TPD.  The  Mn-O-Mn 
angles  are  also  presented  in  order  to  confirm  the  decrease  of  the  distortion  from  a rhombohedral 
( a a a ) lilted  structure  with  Mn-O-Mn  < 165°  to  a cubic  (a°ana°)  one  where  Mn-O-Mn  = 180°, 
according  to  the  Glazcr  tilt  system  notation  [21],  This  results  confirm  that  the  lattice  parameters 
arc  very  sensitive  to  changes  in  the  oxygen  content  in  these  pseudo-cubic  perovskite  compounds  : 
for  the  same  Sr  doping  ratio  LaoooSro.ioMnOj+s,  we  can  stabilize  with  the  1250°C/air 
decomposition  conditions  a really  highly  tilted  structure  with  Mn-0-Mn  equal  to  163°  and  a 
nearly  cubic  cell  with  the  700°C/02  conditions. 

• The  1250°C/air  compound  corresponds  to  the  limit  of  the  tilt  angle  of  the  rhombohedral  phase 
: no  oxide  presenting  a rhombohedral  symmetry  with  a more  tilted  Mn-O-Mn  angle  has  been 
reported  in  the  literature.  Systematically,  for  more  tilted  Mn-O-Mn  angle,  a distortion,  due  to 
Jahn-Teller  effect,  appears  and  generates  a structural  transition  to  orthorhombic  symmetry.  The 
lattice  parameter  of  the  1 250°C/air  compound  reduced  to  the  primary  ap  cubic  perovskite  is  very 
close  to  the  x = 0.10  single  crystal  synthesized  at  1200°C  by  A.  Urushibara  et  al.  [22]  which  is 
orthorhombic.  A less  oxidizing  atmosphere  during  the  precursors  decomposition  (i.e.  a lower 
Mn4+  content  in  the  sample)  can  also  tend  to  the  orthorhombic  phase.  This  rhombohedral  to 
orthorhombic  transition  has  been  reached  for  an  oxide  obtained  at  700°C  in  N2  atmosphere. 
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Synthesis 

conditions 

Chemical 

Composition 

Oxygen 
Content 
3 + 8 

% 

Mn44 

Space 

Group 

Lattice 

Parameters 

(A) 

Mn-O 

distance 

(A) 

Mn-O-Mn 

angle 

(°) 

1250°C/air 

Lflo.8fiSro.09Mn  | 05 

3.04 

16 

R3c 

a = 5.529(1) 
c=  13.352(1) 

1.966(3) 

163(1) 

900°C/air 

Lat1.8fiSro.09Mn  j 05 

3.07 

22 

R3c 

a = 5.5171(2) 
c=  13.3598(6) 

1.960(3) 

165(1) 

600°C/air 

Lao.sfiSro  09M111 .05 

3.10 

28 

R3c 

a = 5.4993(4) 
c=  13.3552(6) 

1.952(2) 

167(1) 

900°C/air 

Lao.69Sro.28Mn  1.03 

3.02 

31 

R3c 

a = 5.4967(6) 
c=  13.3602(9) 

1.947(2) 

169(1) 

600°C/air 

Lao.69Sro.2xMn  t .03 

3.03 

33 

R3c 

a = 5.4932(6) 
c = 13.351(1) 

1.946(3) 

169(1) 

600oC/O2 

Lao.8fiSro.09M  n 1 .05 

3.14 

35 

R3c 

a = 5.487(1) 
c=  13.323(3) 

1.940(3) 

171(1) 

900°C/air 

Lao.,i9Sro.4 1 Mn  | oo 

3.01 

42 

Pm3m 

a = 3.8643(2) 

1.932(1) 

180 

600°C/air 

Lao.49Sro.4 1 Mn  i .09 

3.03 

46 

Pm3m 

a = 3.8641(3) 

1.932(1) 

180 

Table  I.  Lattice  parameters  for  the  ex-citrates  Lai.xSrxMn03+8  oxides.  The  rhombohedral 
parameters  are  indicated  with  hexagonal  axes.  Estimated  standard  deviations  are  in  parentheses. 


Figure  5.  Mn-0  distances  and  Mn-O-Mn  angles  as  a function  of  Mn4+  content  for  ex-citrates 
La,.xSrxMn03+5  (with  x = 0.10,  0.30  and  0.50)  and  for  T = { 1250°C/air,  900°C/air,  600°C/air  and 
600°C/02).  The  white  points  correspond  to  this  work  and  the  black  points  correspond  to  the 
references  [10,15,20]. 

• For  the  900°C/air,  600°C/air,  600°C/02  compounds,  we  can  observe  a decrease  of  the  Mn-0 
distances  coupled  with  an  increase  of  the  Mn-O-Mn  angle  leading  to  a less  tilted  phase  as  the 
Mn4+  increases.  The  symmetry  is  always  rhombohedral  even  in  the  600°C/02  compound.  The 
constant  decrease  of  the  distortion  is  strongly  correlated  to  the  Mn4+  content : for  the  same  Sr 
doping  ratio,  the  Mn4"  content  can  be  simply  reduced  to  the  oxygen  non-stoichiometry  5 in 
Lao.9nSro.i()Mn03+5  formula  : the  MnOfl  tilt  system  tends  to  decrease  with  the  increase  of  Mn4+  and 

i 
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finally  attempts  the  perfect  cubic  cell  for  Mn4+  > 45%.  The  Mn-0  distances  also  decrease  and 
tend  to  1 .93A.  This  value  corresponds  to  the  ideal  cubic  perovskite  cell  (ap  ~ 3.86A)  and  also  to 
the  sunt  of  the  ionic  radii  of  Mn4+  (rMnft=0.53A  ) and  O(-Il)  (rOfa=1.40A)  [23]. 

• The  two  others  oxides  (x  = 0.30  and  x = 0.50)  confirm  this  Mn4+  dependence.  In  these  cases, 
the  total  Mil" ' content  is  mostly  due  to  the  initial  Sr  doping  ratio  rather  than  the  non- 
stoichiometry  in  oxygen  : 8 value  decreases  and  tends  to  0 when  x increases.  The  two  compounds 
La(>.4i)Sr(i.4iMn  1 oijCfi+s  are  cubic. 

CONCLUSION 

Lanthanum  strontium  manganite  powders  have  been  prepared  by  a “Chimie  douce” 
process.  Homogeneous  particles  of  controlled  size,  size  distribution  and  morphology  have  been 
obtained.  Both  the  surface  area  and  the  oxygen  content  can  be  adjusted.  The  structure  (symmetry, 
Mn-O  distances,  Mn-O-Mn  angles)  strongly  depends  on  the  Mtf,+  content  in  the  sample. 
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